A simple visible spectrophotometric method is described for the determination of pantoprazole sodium sesquihydrate (PSS). The method is based on the formation of a brown colored product on treating PSS with permanganate in neutral medium, the absorbance being measured at 350 nm. The experimental conditions for the assay were optimized. The absorbance is found to increase linearly with the concentration of PSS and the calibration graph is linear in the range of 2.5-40.0 μg ml -1 with a linear regression coefficient of 0.998. The calculated molar absorptivity value is 1.27×10 4 l mol -1 cm -1 and the corresponding Sandel sensitivity is 0.0341 µg cm , respectively. Intra-day and inter-day accuracy expressed as relative error were better than 2.0% and the corresponding precision (RSD) was less than 2.5 %. The developed and validated method was applied to the determination of the active ingredient in a tablet dosage form and the results obtained agreed well with those of the reference method. The accuracy and reliability of the method were ascertained by performing recovery experiments via standard-addition procedure.
Pantoprazole sodium sesquihydrate (PSS) is chemically known as sodium 5-(difluoromethoxy)-2-{[(3,4-dimethoxy-2-pyridinyl) methyl]sulfinyl}-1H-benzimidazole sesquihydrate (Fig. 1 ). It is used as an antiulcerative agent [1] by inhibiting the gastric acid secretion. Pantoprazole sodium sesquihydrate is immensely used for the cure of erosion and ulceration of esophagus caused by a gastroesophageal reflux disease. It is pharmaceutically formulated as gastro-resistant tablets containing 40 or 20 mg pantoprazole sodium sesquihydrate.
PSS is a non-official drug substance and there are only a few reports on the determination of this drug in pharmaceutical substances including a dosage form. A few methods based on HPLC [2] [3] [4] [5] , densitometric HPTLC [6] , derivative UV-spectrophotometry [7] and difference UV-spectrophotometry [8] have been reported for the assay of PSS in commercial dosage forms. Several manipulation steps are involved in some Visible spectrophotometry is still considered to be a very convenient and low-cost technique, and hence widely used for the determination of pharmaceuticals in bulk and dosage forms [9] [10] [11] [12] [13] . The reported spectrophotometric methods for PSS [14] [15] [16] [17] [18] suffer from one or the other disadvantages such as a narrow linear range of applicability [16] , lack of selectivity [17, 18] , lower sensitivity and for use of organic solvents as the reaction medium/expensive reagents [14, 15] (Table 1) . Hence, there is a need to develop a simple, selective and sensitive procedure for the determination of PSS in pharmaceuticals.
I N P R E S S
The present communication describes the development and validation of a visible spectrophotometric method for the determination of PSS in pure form and in dosage forms. The method involves treating the drug with potassium permanganate in neutral medium and subsequent measurement of the absorbance at 350 nm. Permanganate has earlier been used for the assay of thioxanthines [19] , isoniazid [20] , methyl thiouracil [21] , chloramphenicol [22] , amidopyrine [23] , valdecoxib [24] , nicotine [25] , tramodol HCl [26] , cefuroxime [27] , diloxamide [28] and pentacozine [29] , to mention a few, and its use for the determination of PSS in neutral medium has not been reported. The method developed offers the advantages of simplicity, speed, accuracy and precision without the need for costly equipment/chemicals.
EXPERIMENTAL DATAILS

Apparatus
All absorbance measurements were performed using a Systronics model 106 digital spectrophotometer (Ahmedabad, India) provided with 1-cm matched quartz cells.
Reagents and standards
All chemicals and reagents used were of analytical-reagent grade and distilled water was used throughout the investigation.
Standard PSS solution. Pharmaceutical grade PSS which was certified to be 98.98 % pure was received as a gift from Cipla India Ltd., Mumbai, India, and used as received. Standard PSS solution (100 µg ml -1 ) was prepared by dissolving a calculated quantity of a pure drug in water.
Two brands of tablets containing PSS, pantodac-20 (Aristo Pharmaceuticals Ltd., Mumbai, India) and pantop-40 (Cipla Ltd., Mumbai, India) used in the investigation were purchased from local commercial sources.
Potassium permanganate (300 µg ml -1 ). An approximately 0.02 M solution was prepared by dissolving about 0.80 g of KMnO 4 (Merck, Mumbai, India) in water, diluting to 250 ml in a calibrated flask and standardized using H.A Bright's procedure [30] . The stock standard solution was then diluted appropriately with water to get a 300 µg ml -1 working concentration.
Procedures
Preparation of calibration graph Different aliquots of 0.0, 0.25, 0.5, 1.0, 2.0, 3.0 and 4.0 ml of standard PSS solution (100 µg ml -1 ) were transferred into a series of 10 ml standard volumetric flasks and the total volume in each flask was adjusted to 5 ml with water. To each flask, 1 ml of 300 µg ml -1 KMnO 4 was added. The contents of each flask were mixed well and kept aside for 10 min with occasional shaking. The volume was made up to the mark with water and the absorbance was measured at 350 nm vs. reagent blank prepared in a similar manner.
The calibration graph was prepared by plotting the increasing absorbance values vs. concentrations of PSS. The concentration of the unknown was read from the calibration graph or deduced from the regression equation derived using the Beer's law data. Twenty tablets were weighed accurately and ground into a fine powder. A quantity of the powder containing 10 mg of PSS was accurately weighed into a 100 ml calibrated flask and 60 ml of water added. The content was shaken for about 20 min; the volume was diluted to the mark with water and mixed and filtered using a Whatman No. 42 filter paper. The filtrate containing PSS at a concentration of 100 μg ml -1 in PSS was subjected to analysis by the procedure described above.
Placebo blank analysis
A placebo blank of the composition: talc (20 mg), starch (10 mg), acacia (15 mg), methyl cellulose (10 mg), sodium citrate (10 mg), magnesium stearate (15 mg) and sodium alginate (10 mg) was made and its solution was prepared as described under "assay of tablets" and then subjected to analysis.
Procedure for the determination of PSS in a synthetic mixture
To the placebo blank of the composition described above, 10 mg of PSS was added and homogenized, transferred to a 100 ml standard flask and the solution prepared as described under "assay of tablets". The solution was mixed well and filtered using a Whatman No. 42 filter paper. The resulting solution containing PSS at the concentration of 100 μg ml -1 was assayed (n = 5) by the same procedure described above. The analysis was done to study the interferences of excipients such as talc, starch, acacia, methyl cellulose, sodium citrate, magnesium stearate and sodium alginate.
RESULTS AND DISCUSSION
In neutral medium, potassium permanganate quantitatively oxidizes PSS resulting in the formation of MnO 2 [31] , which is brown in color with an absorption maximum at 350 nm. In a neutral solution, permanganate is only reduced to give MnO 2 , wherein Mn is in a +4 oxidation state. The initial study showed that the absorbance of the brown color was linearly dependent on the concentration of PSS. Based on the above observations, a simple spectrophotometric method to the determination of PSS was developed and validated as per the current ICH guidelines [32] .
The various experimental parameters affecting the formation of the reaction product were optimized.
The effect of the KMnO 4 concentration
To study the effect of the KMnO 4 concentration, varying volumes of 300 μg ml -1 KMnO 4 (0.25-1.5 ml) were made to react with 4 ml of 100 μg ml -1 PSS into a series of 10 ml volumetric flasks. It is apparent from Fig. 2 that the absorbance increased with increasing the volume of the KMnO 4 solution and it became constant at 0.75 ml. Thus, the adoption of 1.0 ml of 300 µg ml -1 KMnO 4 in the final solution proved to be adequate for the maximum concentration of PSS used in the calibration curve. 
The effect of time
To study the effect of time, a fixed concentration of PSS (40 μg ml -1 ) was made to react with 1 ml of 300 μg ml -1 KMnO 4 solution; absorbance readings were recorded at different time of 5, 10, 15, 20 and 30 min. The oxidation reaction was completed in 10 min, and the color was stable up to 30 min in the presence of the reaction product(s) (Fig. 3) . 
Method validation procedures
The proposed method has been validated for linearity, sensitivity, precision, accuracy, selectivity and recovery.
Linearity and sensitivity
Under optimum conditions, a linear relation was obtained between absorbance and concentration of PSS in the range 2.5-40.0 µg ml -1 (Fig. 4) . The calibration graph is described by the equation: Table 2 . Sensitivity parameters such as apparent molar absorptivity and Sandell sensitivity values, the limits of detection and quantification calculated as per the current ICH guidelines are compiled in Table 2 . The limits of detection (LOD) and quantification (LOQ) were calculated according to the same guidelines using the formulas: LOD = 3.3σ/s and LOQ = 10σ/s where σ is the standard deviation of five reagent blank determinations and s is the slope of the calibration curve. Precision and accuracy Intra-day precision and accuracy of the proposed method were evaluated by replicate analysis (n = 5) of calibration standards at three different concentration levels in the same day. Inter-day precision and accuracy were determined by assaying the calibration standards at the same concentration levels on five consecutive days. Precision and accuracy were based on five consecutive days. Precision and accuracy were based on the calculated relative standard deviation (RSD, %) and relative error (RE, %) of the found concentration compared to the theoretical one, respectively (Table 3 ).
I N P R E S S
O
Selectivity
The proposed method was tested for selectivity by placebo blank and synthetic mixture analyses. A convenient aliquot of the placebo blank solution prepared as described earlier was subjected to analysis according to the recommended procedure. There was no interference by the inactive ingredients.
A separate experiment was performed with the synthetic mixture. The analysis of the synthetic mixture solution prepared above yielded recoveries ranging between 107.27 and 110.51%, with a standard deviation of 1.36-1.47%. The results of this study are presented in Table 4 indicating that the inactive ingredients did not interfere in the assay. These results further demonstrate the accuracy, as well as the precision of the proposed methods. 
Application to formulations
In order to evaluate the analytical applicability of the proposed method to the quantification of PSS in commercial tablets, the results obtained by the proposed method were compared to those of the reference method [5] by applying student's t-test for accuracy and F-test for precision. The reference method involves the HPLC determination of pantoprazole so- Recovery studies
The accuracy and validity of the proposed method were further ascertained by performing recovery studies. Pre-analyzed tablet powder was spiked with pure PSS at three concentration levels (50, 100 and 150% of that in tablet powder) and the total was found by the proposed method. The added PSS recovery percentage values ranged between 104.27 and 111.8% with the standard deviation of 1.04-1.48% (Table 6) indicating that the recovery was good and that the co formulated substance did not interfere with the determination.
CONCLUSIONS
A new method which is selective and sensitive has been developed and appropriately validated for the assay of pantoprazole sodium sesquihydrate in pharmaceuticals. The proposed method was found to be superior to some of the reported spectrophotometric methods with respect to simplicity, sensitivity, selectivity, a linear dynamic range of applicability and cost-effectiveness. In addition, the method is bestowed with twin advantages of simplicity of operations and the possibility of carrying them out with the common laboratory instrument. Since the proposed method requires the use of only one reagent (KMnO 4 ), it certainly is the most cost-effective of all the existing spectrophotometric methods. 
